Abstract Background. In a sample of 30,195 randomly selected hospital records, we identified 1 133 patients (3.7 percent) with disabling injuries caused by medical treatment. We report here an analysis of these adverse events and their relation to error, negligence, and disability.
IN recent years, concern about the increasing cost of malpractice-insurance premiums has led to numerous tort reforms. At the same time, and largely independently of tort reform, interest in initiatives affecting the quality of care has grown. Curiously, however, the problem of medical injury has received comparatively little attention from either perspective. But an important objective for those concerned with both medical malpractice and quality of care is the prevention of iatrogenic injury. A first step in prevention is to develop a better understanding of the types of such injuries and their causes.
In our investigation of accidental injury in patients hospitalized in 1984 in the state of New York, we found that 3.7 percent of patients had injuries and that negligent care was responsible for 28 percent of them. ' In this report we analyze these injuries, including the types of adverse events, the types most likely to result in serious disability, the types most likely to be caused by negligence, the effects of various risk factors, and the management errors that were responsible. Finally, we develop a conceptual framework encompassing notions of negligence, error, and preventability in an effort to understand iatrogenic injury better.
METHODS
The study design, sampling plan, and record-review process have been described elsewhere.2 In brief, we evaluated 30,195 randomly selected records in 51 hospitals in the state of New York, using a gery were less likely to be caused by negligence (17 percent) than nonsurgical ones (37 percent). The proportion of adverse events due to negligence was highest for diagnostic mishaps (75 percent), noninvasive therapeutic mishaps ("errors of omission") (77 percent), and events occurring in the emergency room (70 percent). Errors in management were identified for 58 percent of the adverse events, among which nearly half were attributed to negligence.
Conclusions. Although the prevention of many adverse events must await improvements in medical knowledge, the high proportion that are due to management errors suggests that many others are potentially preventable now. Reducing the incidence of these events will require identifying their causes and developing methods to prevent error or reduce its effects. (N EngI J Med 1991; 324:377-84.) two-stage process. All records were screened by trained nurses or medical-records administrators using 18 screening criteria. Records that met any of our criteria were then reviewed independently by two physicians who identified adverse events and instances of negligence. We defined an adverse event as an unintended injury that was caused by medical management and that resulted in measurable disability. Negligence was defined as failure to meet the standard of care reasonably expected of an average physician qualified to take care of the patient in question.
We asked the reviewers to describe each adverse event and its relation to medical care and to estimate the degree of disability that resulted. Disability was rated on a six-point scale' on which "serious" disability was defined as that persisting for more than six months (a score above 2 on the 6-point scale). When the two physicians disagreed, we randomly selected one of their two reviews in order to assign a single disability score to each patient. (The reviewers disagreed in 4 percent of the cases about whether the disability score was greater than 2.) The reviewers also identified the site inside or outside the hospital where the treatment that had caused the adverse event had taken place. In addition, the reviewers were asked to indicate whether each adverse event could have been caused by a reasonably avoidable error, defined as a mistake in performance or thought. If so, they classified the error, and if more than one class of error was found, they ranked the errors in order of seriousness. They then indicated the specific type of error within the class. Finally, the reviewers determined whether there had been negligence after they considered and recorded whether there had been deviation from accepted norms of treatment, the potential (not actual) consequences of the negligence, the frequency of risk, the degree of emergency, the complexity of the case, the presence of any coexisting conditions, and the extent to which there was a consensus about the correct therapy or diagnosis for a given situation. If they found negligence, they rated its severity on a three-point scale on which 1 indicated a slight degree of negligence, 2 a moderate degree, and 3 a grave degree.
Each adverse event was subsequently classified with regard to type of injury by one of the authors after reading the descriptions of each case prepared by both physician-reviewers. An The largest number of adverse events (41 percent) resulted from treatment provided in the operating room ( Table 5 ). The next most frequent (27 percent) were those that occurred in the patient's hospital room. The emergency room, intensive care units, and labor and delivery rooms were each the site of approximately 3 percent of the adverse events. The number of events occurring in all other locations in the hospital added up to 5 percent of the total. Most adverse events occurring outside the hospital were attributed to interventions in the physician's office. ( The only out-of-hospital adverse events measured in our study were those that resulted in hospitalization.) Table 5 also shows the percentage of adverse events at each site that were caused by negligent care -an overall proportion of 28 percent. In the operating room the proportion was 14 percent, in the patient's hospital room it was 41 percent, and in the emergency room it was 70 percent. The differences at other sites were not significant. Rates of disability also varied according to site. The percentage of patients with serious disabilities was significantly lower than average in the case of adverse events occurring at home (8 percent) or in the labor and delivery room (10 percent). Other differences were not significant.
Physicians' Errors
The classification of errors is shown in Table 6 , which includes the first choices of each reviewer. Because two physicians reviewed almost every case, the total number of observations shown is nearly double the number of cases for which there was a question of error. The physician-reviewers used their own criteria to identify errors in management, and they were asked to list the errors whether or not negligence was involved. They identified one or more management errors corresponding to 58 percent of all the adverse events, but only 28 percent of the events ultimately met our requirements for a judgment of negligence. For each class of error, the percentage of cases that were ultimately attributed to negligence is shown in Table 6 .
The most common class of error, accounting for 35 percent of all the errors in this series, involved the performance of a procedure or operation. Errors in prevention (i.e., failure to take preventive measures) Because the reviewers were asked to list all the types of error they found, the numbers shown in Table 7 for each class are higher than those in Table 6 . In addition, since the reviewers were not limited to assigning a single category to each error, the percentages exceed 100.
Although technical errors were the most common class of error observed, the sum of the various types of "errors of omission" composed a higher percentage of the total in several classes. These included failure to take precautions to prevent accidental injury, avoidable delays in treatment, failure to use indicated tests or to act on the results of such tests, and the entire gamut of diagnostic errors.
Disability as a Function of the Gravity of Negligence
Adverse events resulting from negligence were more likely than other adverse events to lead to serious disability, defined as a disability with a score greater than 2 (Table 8) . Only 20 percent of the patients who had adverse events not attributed to negligence had serious disabilities, whereas 38 percent of those who had adverse events due to negligence had such disabilities.
The percentage of adverse events resulting in seri- Many of the adverse events we identified were neither preventable nor predictable, given the current state of medical knowledge -for example, idiosyncratic drug reactions in patients who had not taken the drugs previously, postoperative myocardial infarctions in young patients without previous evidence of heart disease, and adhesive intestinal obstructions. Other unpreventable adverse events occurred with predictable frequency, but patients accepted the risk of treatment because of the potential benefits. Examples of these include radiation injury and bone marrow suppression from chemotherapy. Preventing these "unpreventable" adverse events will require advances in biomedical knowledge.
Most adverse events are preventable, however, particularly those due to error or negligence. Our findings confirm the observations of others5 -that errors in medical practice are common. Studies in other areas of human endeavor, such as the generation of nuclear power, shipping, and the airline industry, confirm that some degree of error is inherent in all human activity.6 In highly technical, complicated systems, even minor Programs of quality assurance should strive to re- Third, we used general internists and surgeons as physician-reviewers, not specialists. For a study of this scope and magnitude, it would have been both difficult and expensive to do otherwise, since the reviewers were required to identify adverse events of all types. In our pilot study, we found that internists and surgeons could identify adverse events with a high degree of accuracy.'3 As they had been instructed to do, the reviewers consulted with a panel of specialists when they needed to determine whether the care that had resulted in a possible adverse event met accepted standards.
Finally, our information on the follow-up of the patients was limited to data about care in the hospital (including the outpatient department). Although the reviewers had available the record of care provided at the same hospital after the index hospitalization, they had no access to the information in physicians' private offices. However, except for those that are rapidly fatal, adverse events not requiring hospital care are unlikely to result in serious disability.
Prevention of Adverse Events
As knowledge increases, in theory more adverse events will become preventable. Indeed, the safety and effectiveness of many current medical treatments result from the earlier reduction or elimination of complications similar or identical to those we have identified as adverse events here: high rates of heart block, bleeding, and mortality in the early years of heart surgery, problems associated with the initial attempts at organ transplantation, side effects of many drugs, and so forth. These were the adverse events of an earlier day, and they were greatly reduced in frequency after research led to an understanding of their causes.
Future reductions in the occurrence of adverse events also depend in part on research into causes. In the case of adverse events that are currently unpreventable, progress will come from scientific advances, such as the development of less hazardous chemotherapeutic agents. In the case of events due to error, control will require scientific advances in some instances, but we believe that progress will also depend heavily on systems analysis, education, and the development and dissemination of guidelines and standards for practice. Automatic "fail-safe" systems -such as a computerized system that makes it impossible to order or dispense a drug to a patient with a known sensitivity -are likely to have an increasing role.
The reduction of adverse events involving negligence will also require an increased emphasis on education. To the extent that failure to meet the standard of practice is due to ignorance, improved dissemination and enforcement of practice guidelines might be effective. The Adverse events result from the interaction of the patient, the patient's disease, and a complicated, highly technical system of medical care provided not only by a diverse group of doctors, other care givers, and support personnel, but also by a medical-industrial sys- TH E introduction of fluoroquinolone antimicrobial agents ( Fig. 1) into clinical use is an important recent advance.`3 These drugs, also called quinolones, include norfloxacin, ciprofloxacin, ofloxacin, enoxacin, and pefloxacin. Of these, norfloxacin, ciprofloxacin, and ofloxacin have been approved for use in the United States. Quinolones are orally absorbed, are potent in vitro against a broad spectrum of bacterial species, and have favorable pharmacokinetic properties. We shall evaluate here the current status of the quinolones, considering mechanisms of action and resistance, activity in vitro, pharmacokinetics, clinical efficacy, adverse effects, and clinical uses. A discussion of the structure-activity relations of the quinolones is beyond the scope of this article, and this topic has recently been reviewed elsewhere. 4 
